Massive weight loss (MWL) brachioplasty is frequently requested for the improvement of the appearance and function of arms. Despite its diffusion, this procedure can be associated with significant complications. Liposuction-assisted brachioplasty (LAB) preserves the vascular, nervous, and lymphatic network and reduces the incidence of postoperative complications. This retrospective cohort study is aimed at analyzing two different modalities of arm contouring after MWL by evaluating the outcomes and complications. Of 31 patients (all females, average age 43.5 years), 20 were managed with standard brachioplasty represented by a swallowtail scar and monobloc resection and 11 with brachioplasty combined with aggressive liposuction. Evaluated parameters included age, body mass index, method of weight loss, and complications rate. No statistical analysis was used. Major postoperative complications (reoperation, bleeding, or thromboembolism) were not reported in both groups. The incidence of minor complications (wound separation, wound infection, and seroma) was globally 42%; the incidence of complications was significantly lower in the LAB group (9% vs. 60%). The incidence of hypertrophic scarring or keloid was higher in the control group (55% vs. 18%). Most patients were satisfied after surgery: in the LAB group, 81.8% of the patients expressed a high degree of satisfaction and 18.2% a good degree of satisfaction after 4 months of follow-up. In our experience, the LAB should be preferred in MWL patients because it has a lower rate of complications and a faster recovery than the standard technique. Proper execution requires considerable technical skill and experience.
IntroductIon
The growing popularity of bariatric surgery was determined by the increase in the massive weight loss (MWL) population. MWL produces various body deformities, therefore the increasing demand for body contouring surgery. [1, 2] In a number of cases, problems of skin excess and ptosis in the arms, abdomen, hips, and thighs that can be significant enough to cause functional impairments, skin inflammation, and infections as well as considerable psychological discomfort have been reported. [3] [4] [5] The arms are often the first body area to be treated because of the most visible and compromising global body harmony. Although brachioplasty is widespread, the risk of postoperative complications such as hematomas, lymphedema, or skin sensitivity disorders still remains high because the surgical area has vascular, nerve, and lymphatic structures. [6] [7] [8] [9] [10] Thorek [11] was the first author to describe brachioplasty as a surgical procedure to improve arm shape; over the years, many other surgeons have been looking for techniques to correct skin deformity, achieve good aesthetic results, and at the same time reduce the incidence of postoperative complications. [12] [13] [14] [15] [16] [17] Since the introduction by Illouz in 1980, [18] liposuction has been frequently combined with body contouring techniques. Liposuction can be used in the arm either alone in the case of mild skin laxity and ptosis or in conjunction with surgical resection. [19] In the latter case, it is used to refine arm contouring.
Our experience with 11 patients who were operated for arm deformity after MWL with liposuction-assisted brachioplasty (LAB) is presented. The results of this study are compared with those obtained by using the traditional approach and the outcomes and complications recorded in the last 8 years are evaluated.
MaterIals and Methods
In this retrospective review, 31 patients (age range 22-66 years) underwent medial arm contouring after MWL (December 2009-April 2017). Traditional brachioplasty technique with a swallowtail scar and monobloc resection of the skin excess was performed in 20 patients (control group) whereas the LAB was performed in 11 patients (study group). The average follow-up was 44 months (range 4-120 months).
Surgical technique Standard brachioplasty
Preoperative markings are made with the patient standing in an upright position. A straight line is drawn in the bicipital groove from the medial condyle of the elbow to the axillary dome. This line indicates approximately the final scar location as well as the approximate axis of the ellipse of resection. The width of the ellipse, which is usually between 4 and 6 cm, is estimated with pinch test. At the axilla, we mark two ellipses so that the final scar has a swallowtail design [ Figure 1A ].
All patients receive general anesthesia and are positioned supine on the surgical table with arms abducted at 90°; we wrap the lower limbs as a preventive measure from thromboembolic risk. Two grams of cefazolin is infused intravenously before the incision. We start the procedure with an infusion of Klein solution (1 mg epinephrine/L saline solution + 3 naropin 7.5 mg/mL) in the resection area. After skin incision, the ellipse is removed en bloc, leaving some fat over the fascia to preserve the superficial lymphatic network [ Figure 1B ,C].
We usually anchor the dermis of the upper and lower skin flap to brachial fascia with absorbable sutures. This leads to less tension on the scar and to more lasting results over time. We put a drain for each arm treated and then, we complete the planned suture of the subcutaneous tissue, subdermal tissue, and skin with absorbable suture Monocryl® 3-0 and 4-0 [ Figure 1D ]. A compressive dressing is then applied.
Liposuction-assisted brachioplasty
The patient is drawn in a vertical position with arms raised and abducted at 90°, and forearms supinated in order to expose the medial bicipital groove [ Figure 2A ].
First we draw a vertical line from the anterior axillary dome to the posterior one. Then we draw the distal end of the skin fold and mark a horizontal line from this point up to the axilla: this line must be parallel to the upper profile of the arm and perpendicular to the vertical axillary line. The resection's width in the axilla is estimated with the pinch test. Then we find the inferior line by lifting the skin upward and marking a straight line from the axilla to the end of the skin fold. We repeated the same procedure for the upper resection line pulling the skin downward. It is important to draw straight lines in order to have linear scars that are easy to hide under the clothes. At the end we draw the resection area in the axilla and in the lateral chest wall. Markings were different depending on the amount of the excess skin:
1. Mild excess: we mark a small triangle oriented in the same direction of the main scar [ Figure 2A ]. 2. Moderate excess: we mark a larger ellipse that is perpendicular to the brachial scar. Triangle's width is estimated by pinch test. 3. Severe excess: we use the same markings of the moderate excess adding a further ellipse parallel to the inframammary fold and perpendicular to the lateral thoracic ellipse.
The patient wears antithrombotic stockings or elastic wraps throughout the duration of the surgery as a preventive measure from thromboembolic risk. All patients receive general anesthesia and are positioned supine on the surgical table with arms abducted at 90°. Two grams of cefazolin is infused intravenously before the incision.
We infiltrated the resection area with 1 mg of epinephrine/L saline solution. The infiltration-aspiration ratio is 1:1. Then we infiltrate the incision lines with 1.5 mg epinephrine/L saline solution.
After a period of about 15-20 min from the infiltration, we perform the liposuction in the area of skin resection using three holes and 3-, 4-, 5-mm diameter cannulas. We remove all the fat between the skin and the arm muscle fascia so at the end of liposuction the skin is just 2 or 3 mm thick [ Figure 2B ]. If necessary, we perform a "standard" liposuction (final thickness of the skin: 1-1.5 cm) in the other parts of the arm.
After liposuction we put some silk suture and check if the ellipse is wide enough and if we are able to close: very often because of tissue mobilization thanks to liposuction it is necessary to widen the ellipse. In that case, we change the position of the inferior line to prevent the scar from moving forward. Also if we had to modify the lateral thoracic ellipse, we change the position of the posterior line to avoid any distortion or lateral displacement of the breast. When we are satisfied with the drawing, we incise the ellipse. The incision will be bloodless due to the previous infiltration: in this way, we proceed faster because there is no need to coagulate the dermis and the wound heals better and faster. Then we remove the excess skin at a very superficial level, just under the dermis: it is important to keep the coagulator oriented toward the skin to not damage the underlying connective network [ Figure 2C ].
In the axilla, beside the skin we also remove sweat glands in order to reduce local moisture and ensure better wound healing. Usually we do not put drains. Then, we perform the suture with a single running intradermal suture in Vicryl 2/0. There are no external stitches: on one side the suture is blocked passing the needle two times in the same point [ Figure 2D ]; on the other one we continue the suture with four passages in the opposite direction. Unlike what we perform in the standard technique and in the other body districts, after the LAB, we do not use any compressive garments to reduce the risk of compartmental syndrome. Follow-up examinations are conducted every 5 days for the first 15 days and then at 1 month, 3 months, 6 months, and 1 year after surgery [ Figures 3 and 4] .
results
Patients' mean weight at the time of surgery was 75.4 kg, with an average BMI of 26.67. The mean weight loss was 56.42 kg (average delta-BMI: 19.56). The mean time of surgery was 2.6 h in both groups whereas the mean time Major postoperative complications such as re-treatment, bleeding, or thrombo-embolism were not observed in the two groups. The incidence of minor complications (wound separation, wound infection, and seroma) was globally 42%; the incidence of complications was significantly lower in the LAB group (9% vs. 60%, P < 0.01). In the LAB group, only one patient (smoker) had problems of wound healing after surgery; in the control group, seven patients (35%) had seroma and five patients (25%) had wound separation. The incidence of hypertrophic scarring or keloid was higher in the second group (55% vs. 18%). Five patients (20%) of the control group experienced a recurrence of skin ptosis, whereas none of the LAB group had such problems.
Smoke was found to be a preoperative risk factor for complications (OR: 7, P < 0.05). Age, amount of weight loss, surgery duration, and amount of tissue removed were found to be higher in patients who experienced complications.
Most patients were satisfied after surgery: in the standard technique group, 50% of the patients expressed a high degree of satisfaction, 25% a good degree, 5% a sufficient degree, and 25% an insufficient degree because of bad scars. In the LAB group, 81.8% of the patients expressed a high degree of satisfaction and 18.2% a good degree of satisfaction; no patient was dissatisfied. Patients' data are reported [ Tables 1-4 ].
dIscussIon
Brachioplasty is a surgical procedure used to treat lipodystrophy and ptosis caused by MWL after bariatric surgery. Despite its diffusion, this procedure is full of pitfalls because nerves, blood vessels, and lymphatics of the arm are located just beneath the area of resection so complications such as hematoma, seroma, or paresthesia are common. [6] [7] [8] [9] [10] One of the main problems is scar location and quality.
Strauch et al. proposed to place the scar in the posterior part of the arm where lymphatic vessels are fewer, [20] but in this way the risk of damaging the subcutaneous posterior branch of the medial cutaneous antebrachial nerve is higher. [10] Furthermore, authors who prefer the medial arm scar argue that posterior scars are more difficult to hide from behind and tend more easily to become hypertrophic. [21, 22] For this reason, we prefer to locate the final scar in the medial arm that is easier to hide even if it increases the risk In ex-obese patients, the arms present two types of problems: excess volume, due to residual fat after bariatric surgery and MWL, and excess skin. [33] LAB resolves the first problem with liposuction, and the second one with surgical resection. In fact, liposuction reduces the volume of the medial arm but does not increase complication rate, because it does not damage the perforator vessels, [23, 24] the microcirculation, that allows fluid, molecular, gas, cellular exchange, [25] and of lymphatic vessels. [26] Brachioplasty combined with liposuction was already described by Pascal and Le Louarn in 2005. [27] Recently, two studies evaluated the safety of these combined procedures. Gusenoff et al. [28] stated that brachioplasty could be safe if combined with other procedures, and Bossert et al. [9] found that the complication rate of the patient who underwent brachioplasty with medial scar alone was the same as that of the patient who underwent brachioplasty and liposuction of the posterior arm (outside the brachioplasty excision site). In our study, we found that the incidence of complications was significantly lower in the LAB group than in the standard technique group (9% vs. 60%, P < 0.01).
Aly [29] sustained that combination of liposuction and brachioplasty could not be safe because tissue edema makes it more difficult to correctly estimate the amount of tissue to be removed: so there is a higher risk of over-or under-resection. We avoided this because after liposuction and before the incision of the skin we check the adequacy and the accuracy of the drawings and if necessary we enlarge or reduce the resection ellipse width.
Furthermore, even among proponents of the combined procedure, there is no consensus about where to suction the arm, if under the resection area, [27, 30] in the adjacent tissues, [31, 32] or circumferentially. In our study, we chose to perform the suction of the excision site; in this way, the anatomical planes are easier to identify and the resection can be made very superficially, just under the dermis, preserving blood vessels, lymphatics, and nerves of the medial arm. Conversely, with the monobloc resection performed using the standard technique, these structures remain within tissues resected and complications such as seroma, bleeding, or hematoma are more likely to happen. This is also the reason why in the standard technique we used to put drains that we removed after 3 or 4 days, whereas no drain was put in the LAB group; and without drains there was no wound infection, the comfort of the patient was higher, and the duration of hospitalization was shorter.
We found that patients who smoked had more complications from both procedures; so we encourage to avoid smoking for at least 1 month before surgery. Furthermore, special care should be taken with older patients, with patients who have lost more than 50 kg, and when surgery duration is longer than 3 h.
The combination of these two procedures could elongate surgery time and the risk of complications for various reasons such as prolonged anesthesia, hypothermia, or surgeon fatigue. In our study, the mean surgery time was similar in the two groups. In fact, liposuction did not take long because the area to be treated was usually small, so the total duration of the surgery was not longer than the mean duration of a standard brachioplasty; on the other hand, the lower morbidity of the procedure reduced the mean time of hospitalization and allowed patients to return to their work earlier. Finally, the aesthetic result was satisfactory for all patients but the patients who underwent LAB were particularly pleased with the absence of drains and external sutures and also with the reduction in axillary sweating, often disabling in obese patients.
conclusIons
Brachioplasty is a surgical procedure associated with high morbidity due to the density of important anatomical structures in a narrow space and at a superficial level. LAB, thanks to a selective and multimodal approach to arm deformity, preserves vascular, nervous, and lymphatic network and reduces the incidence of postoperative complications. The encouraging results of LAB and patient satisfaction have led the authors to abandon the traditional technique.
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